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S-ABSTRACT

; The results of twelve tests of hull-deckhouse

interaction are presented and discussed. The tests were

carried out on the University of California Ship Structures
Static Test Machine (Ref. [21), using a 42-foot long

longitudinally framed box girder with a 22-foot long two
level deckhouse. This is a continuation of a previous

report (Ref.(41) in which tests were conducted using a

single level deckhouse.

Deflections of hull and deckhouse were measured.

Stress distributions along-three transverse sections and

along the deck to deckhouse- joint were calculated from

measured strains.

- Three bending moment distributions and two decu

support arrangements were' used in the test program. The

experimental results are compared with results from finite

element analysis an'd two other theoretical methods of

analysis of hull-deckhouse interaction.
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I. INTRODUCTION

This report presents the results of a series of twelve

structural tests performed to study hull-deckhouse interaction.

The model, testing apparatus, instrumentation, and testing
method are detailed in Section !I. The p-evious series of tests

(Ref.[4]) were performed using a single deckhouse, whereas

this series of tests was conducted using a two level deckhouse.

The presentation of the experimental data and the

computation of-the stresses are outlined in Section III.

The finite element analysib is outlined in Section IV.

Two other theoretical methods of stress analysis are

described in Section V.

In Section VI, the experimental results are discussed.

Also, the different theoretical methods of analysis are evaluated

in this section.

IN
I
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II. EXPERIMENTAL EQUIPMENT AND METHODS

1. Structural Model .

A detailed description of the ship structural model is

given in Ref.[41. It is a longitudinally framed box girder,

42 feet long, 8 feet wide and 56 inches deep, with an attached

22-foot long deckhouse. For these tests the model was modified

by adding a second level to the deckhouse.

T
A transverse section in way of the deckhouse is shown in

F.Lgure 1. A photograph of the intzrior of the hull model is
shown in Figure 2. The model has n c onventional transverse

bulkheads. The restraint to verti,:al deformation of the main

deck provided by such bulkheads i. simulated by a number of

stanchions attached to the deck, along the bond between deckhouse

side and deck, and extending to the bilge of the model. When it
is desired to make a stanchion effective, a spacer is inserted

between the overlapping portion of the flanges of the upper and

lower partE of the stanchion and the two are firmly bolted tcgether.

The model deckhouse construction plan is shown as Figure 3.
The two decks of the two-level deckhouse are bolted to the sides

and ends of the deckhouse with 1/4-inch bolts on 3-inch centers.

All other structural joints are welded. The diaphragm plate,

shown in Figure 3? was installed on one end only. At the other

end, the deckbjuse was welded directly to the upper deck of the
hull girder.

2. Load Application

The test model was subjected to static loads on the Ship
Structures Static Testing Machine which iS located at the

University of California Richmond Field Station and described

in Re2f.11. The model rests on sever. bags of equv3l size which

cover its entire bottom area. Each bag has its individual control

SgI
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valve and can be subjected to air pressures ranging from +12

to -12 psig; this feature allows application of positive and A
negative loads to each of seven transverse sections of the test

model under investigation. When not under tests, the model is

suspended at its four corners-by means of turnbuckles. During

the entire test the pressure in two of the seven bags is adjusted

to carry the weight of the model, so that the forces in the

turnbuckles decrease to zero. This is continuously checked by

recording the forces on a 4-track Sanborn, Model 154, strip

chart recorder (Figure 8)..

3. Strain Gage Instrumentation

A strain gage map showing the location of the 524 gages

applied to the model is shown in Figures 4 and 5. Figure 4 is
an expanded view of the deckhouse and the first level deck of

the deckhouse. Figure 5 is an expanded view of the hull girder.
Gages are distributed along three transverse sections of the

hi'll and deckhouse, and along the joint of the deckhouse sides

and ends to the main deck.
r0
Gages are generally applied to both sides of the plate in

order to obtain the "heart-of-plate" strain. All gages are of
etched foil type, with a resistance of 120R•. Three different

sizes of these gages have been selected to suit the requirements

at different locatiofts. Those used for all 3--gage rosettes

were 1/4" x 1/8". In positions 713 to 721, ready-made rosettes

with 1/8" x 1/16" gages were installed. In all other locations,

1/2" x 1/4" gages were used. The strain gages were connected

to !)ridge completion boxes (Figure 7). Each box has thirty-six

Sterminals. Thirty-five terminals were used for active gages, the

remaining terminal was connected to a dummy gage (resistor).

The strains were measured automatically in an electronic data

acquisition system (Figure 9) and recorded on magnetic tape. A

description of the electronic system is given in Ref.1li.3
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Deflection-instrumentation

A total of seventeen dial gages were. used to measure the
relative deflection of hull and deckhouse. The distribution of

these gages is shown in Figure 6. All gages were attached to

two trusses running along the outer edges of the main deck and
"supported only near the ends di the hull. Gages lettered A to K

were used to measure the deflection of the hull along the deck

edge. Gages numbered I to 6 gave the deflection of the deckhouse

as measured at the edge of the deckhouse deck. Gages 5, 6, F,

I and J were-installed to check the symmetry of the deflections

about both axes of the model. Some of the gages can be seen in

Figure 7. which is ain end "Xiw .-f the deckhouse, looking aft.

The lowest resolution reading of the de laction gages was

0.001 inch.

5. Test Conditions

Load and stanchion support conditions of the twelve tests

discussed in this report are summarized in Table 1. The last.

letter in- the designation given to each test (S or H) represents

sagging or hogging. Net pressures applied by each of the bags
are listed in Table 2. The odd values of pressure result from

Setting the pressure regulators in units of cm. of Hg rather than

psi.

6. Test Methods

Each experiment co:•sisted of reading strains and deflections
at each of three load conditions. The first and third load condi-

:tions, designated initial and final, have the modal afloat on

b ags 3 and 5. The second, or test step, has the model under -
•Z pressures corresponding to those listed in Table 2. Bags 3 and 5

have an additional pressure sufficient to float the loaded model.

ITn general the pressure in bags 3 and 5 is approximately the sum

of the pressure in vither the initial and final step and the niminal-



4 test pressure. Any deviation is due to pull on the model
periphery by the strap sealing the vacuum surrounding the

-precsure bags. A detailed description of the test procedure is A

given in Ref.[i].

A
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III-. EXPERIMENTAL RESULTS

i. Presentation of Deflection Data

As- shown in Figure 6, dial gages were distributed port

and starboard on both the malin deck edge and the deck'house edge.

The gages on the starboard-side were installed to check the

syrmme~try of the deflections about the longitudinal axis of the

model. The maximum difference between port and starboardh -3
:readings was 4l10 in. -The maximum difference between deflecti-on
eeAdings fort hogging and sagging was 3-10 in. For these reasons,

only port deflections in hogging were plotted.

Deflection readings are shown in Appendix A. A-correction

k ~had tcO be made on the deflection readings because the trusses

were supported at 18" from the ends of the main deck and not at

its ends. The-correction was obtained by extrapolation of the

deflection curve to the end of the deck (see Ref.[lD). Corrected

values are listed in Table 4 and plotted in rigures 11-16.

241 Co~tutation of -Strains and Stre-sses

-The strain data are stored on magnetic tape 1'h' binary coded

decimal form,. During one test of three runs, 1572 values are

obtained from 524 strain gages. Each value, called a sample,

consists. -of 6 &igits: repre~senting a number from 0 to 12000 and

a sign. T'wo zq0mpdte~r programs, reproduced in Appendix B, are-

used to process the strain readings.-

A program DATDUMP serves to read the data from tape and to
-punch them on card--in a convenient form. v:ch card conatains

the initial., test, anid final readings (run~s) for two strain gages.-

'Simultarie-usly, a pri-ntout of tf~e data is mar~e.

A second program, callcd S~i*RESS serve-:, to read and, process-
tahe data, obtained with DATDUMP. Diad data with non-interpretable-

v-- -



* -

digits are changed to zere and listed for identification. Vile

readings are then converted into strain values by multiplication _

with a calibration factor (Statement 3010). "1" is an index',

assigned to each strain gage consistent with the chronological
order in which the gages are scanned. The strain readings X(I) i

are then assembled for each position (Statements ! 4 through 742).

Note that the position numbers are identical with the statement
numbers. The designations A 1 through A 6 refer to the direction

• ~and location of the gages according to the co.-mlent cards following
statem ent 2400. For a definition of longitudinal, transverse •
and diagonal directions, see Appendix B. The values of Al to A6 _

• are printed in the last six columns of Tables 5 to 10. -'

S• Stresses are computed for each position ntumber in Statements ;

2501 to 2505, assuming the following values for the material °
constants:

E = 3 x 106 ibs/inl Modulus of elasticity -

G = 11 x 106 lbsiin2 Shear modulus

V = 0.3 Poisson's constant

The stress values are printed out in the first 5 columns of
T~bles 5-to !0. Some ralues are plotted in Figures 11 to 27. !

'_N

°-w

-< • -~



9 '

IV. FINITE ELEMENT ANALYSIS

-The finite element analysis is based on procedures in
which the real continuous structure is approximated by an

assemblage of simple structural elements. Conditions of equi-

librium of forces and compatibility of displacements are

required to be satisfied at discrete locations throughout the

approximating structure. This results in the reduction of the

problem to the solving of sets of simultaneous equations relating

these forces and displacement,.

The degree of approximation involved varies, depending on

the size of the mesh used in subdividing the structure into

elements, but satisfactory convergence to the exact solution

is generally obtained if the mesh size is made sufficiently
Ssmall One should see Ref.[7] for a more complete description

of this type of analysis.

It is necessary to use a very fine mesh when examining

regions of high stress concentration, such as the connection of

a deckhouse end structure to the hull, resulting in excessive

demands on computer capacity. A procedure is outlined in Ref.[7]
whereby one may examine closely, by a succession of refinements, "

small regions of interest in a large structure.

In the analysis used here, -one-auarter of the deckhouse

(cut along centerline & midships) was used in steD one. These

zesults were plotted agairnst the experimental data at the three

cross sections, Figures 11-18. In the vicinity of the deckhouse

end, two refinements were made in the size of the segment examined,

and the results of step three were plotted against the experimental

data, Figures 22-27.

The boundaries used in the different steps are shown in

Figure 10.
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V. OTHER THEORETICAL METHODS

Two other more simplified methods of analysis were

used to analyze the stresses at the midship section. The

first one was proposed by Kammerer, Ref.[6], and the second

one was proposed by Schade, Ref.[10].

Kaummerer's method for calculating the stiess distribution

across hull and deckhouse utilizes somi-empirical results of

fullscale experiments to evaluate the effect of differential

deflectionis between deckhouses and their hull girders. These
data have beeni incorporated into an analytical treatment of

the problem based on plane stress theory. Shear lag is taken

into account in figuring the "equivalent area" of the deckhouses,

but is not considered in the hull girder analysis. The design

charts given in Kammerer's paper are plotted using full ship

dimensions, and it was therefore necessary to extrapolate model

scantlings to full-scale. Calculations for one case are shown

in Appendix E.

Schade's method for calculating the stress distribution

across hull and deckhouse is also based on plane stress theory,

but differs from Kammerer's in that she&= displacement is

accounted for in the sides of the hull and deckhouse and shear

lag in the hull girder is included. The last item allows the

stress at the deckhouse-hull connection to be different from
the-stress at the hull side. This method does not depend on

empirical data, but instead upon the evaluation of a deck flexi-

bility factor "K". The values of "K" were determined experimentally

in Ref.[3] to be 650 psi for the all stanchions loose condition
1 and 34,000 psi for the all stanchions fixed condition.

Fourier coefficients for thc expansion of the th-:ec bending
moments used in the experiments are listed in Appendix 1).

The nomenclature for Schade's method is reproduced in

Appenlix E, along with calculations for one case.

L.
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Both of these methods were based on the simplifying

L assumption that the bending moment could be expanded into one

constant term and one sinusoidal term. This is a good assumption

in most cases, but will not hold in the case of bending moment
"Co, a "saddle form" bending moment. It was therefore necessary

to return to the basic formulation of the equations and rederive

them based on "n" sinusoidal terms. This was done for Schade's
methods using Reference [9]. The new equations are shown at

the end of Appendix E.

First a new equatioh for "r" was developed and is shown

as Eq. E-8A. Next, using the new assumption for bending moment

(Eq. E-9A), a new equation for "p," was obtained and is shown

as Eq. E-10A. The first four tecris of Eq. E-10A are from the

homogeneous solution and the last two terms are from the partic-

ular solution of the differential equation, The first four terms

have coefficients which must he evaluated-using the boundary

conditions. All six terms must be evaluated for each term of the

moment expansion. Because "p" will be different for each term

of the moment expansion, all of the "effeitive" geometric prop-

erties, and coefficients calculated from these, have to be re-

calculated for each term also. Figures 33 and 34 were obtained
using a three term expansion.

-rA
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VI. DISCUSSION V

As stated, this report is a continuation of a previous
report (Ref.[41). The main reason for conductix,, this series

of tests was to find what effect the addition-of a two-level

Sdeckhouse would have on the previous experimental. results.
S~Another reason was to further check the various theoretical-

methods of predicting stress. Only the two extreme stanchion

support conditions were used (no stanchions, and all stanchions

fixed). Three bending moment distributions were used, instead

of five as in the previous work, since the previous variation
in moment distribution gave no :signific!ant variation in longi-

tudinal direct stress distribution (except for "saddle-form"

bending moment "C").

The experimental results followed the same basic form as

shown in Part I (Ref.[4j), the only riajor difference being the

reversal of stress in the deckheuse in the "no stanchion"

condition. Whcre in the one-level deckhouse ecperiments, the

stress would decrease as one moves from the hull girder to the
deckhouse top, now the stress decreases and reverses sign below

the deckhouse top. This could have been expected from e3tra-

polation of the previous results, but goes against intuition.

"In Figures 11-16, the experimental longitudinal stresses

and deflections are~plotted along with the theoretical finite

element values. The two agree very well, although the finite
element deflections and stresses are generally slightly less

t1an experimental values for moment distributions "A" and "B",

and slightly greater than experimental values for moment distrib- 'A

ution "C".

In Figures 17 and 18, the experimental longitudinal stress

distributions amidships are compared. They are basically the
same as shown in Part i (Ref.[41') except that the second level

of the deckhouse has lessened the effect of moment distribution on

deckhouse stresses. The plots were obtained by multiplying the
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computed stresses for each moment distribution by the ratio

of the midship vaUue of bending moment "C" to the midship value

of their respective bending moments.

Figures 19-21 are again similar to those of Part I.

These figures show the shear and vertical stresses at the deck-

-house-hull bond. They show, as expected, highest vertical

stresses at the deckhouse end and over the midship stanchions

and frames (higher values when stanchions are in place). They

show high shear stress at the deckhouse end, continuously

decreasing to zero at e-midships.

Figures 22-27 compare the experimental values of vertical

and shear stress with the theoretical values of the third step

finite element analysis. There is generally gqod Agreement

between the two valueF,, especially for the vertical stress.

These figures again show the difficulty of obtaining accurate

values at the corners, due to the finite size of the strain gages.
Because of the very steep stress cradient. it is impossible to

measure the maximum stresses involved.

Figure 28 shovs a comparison of the values obtained by
Kam•.-erer's and Schade's methods for a typical bending moment.

This shows that Ra.ruuerer's method will give results between the

two extremc values of Schade's method, but that it gives results
much clcser to the rigid deck extreme~than to the flexible extreme.

This should be exnected sirce most naval and passenger ships

upon which the empirical data are based have fairly rigid main

deck 5upport. For this reason, in Figures 29-34, Kammerer's

method is only compared with experiment for the "all stanchions

fixed" condition.

In Figures 29-34, the experimental results at amidships are

plotted along with Kammerer's and Schade's methods. The comparison

is generally good. As stated iz, Section V, it was necessary to

,,extend Schade's method in order to obtain reasonable correlation



between exps.:imental and theoretical results fo~r bending moment

Kanmmerer's method will give a reasonably good approximation

of stress when very little information is available on the ship's

structure. It is by far the simplest method to apply, but

require's that the- bending moment be of simple sinusoidal shape.

I .Schade's method also gives a good approximation of stress,
but requir~es the fi-.nding of-a deck flexibility factor (,which makes

it. more versatile). It is fairly simple to -apply, unless more

than one sinuosidal t-erm is required to approximate the bending

-momenit distribution, which complicates the problem somewh'at.
-Al

The firiitre elemen~t method can, of course, be the mostA

accurate, but alsn rerauires the greatest amount of work to solve

a problemn.

A I
AA
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TABLJE 3

4 DEFLECTION DATA, in x 10-

GAGE TEST

8AH 8AS 8BH 8BS 8CH 8CS 9AH 9AS 9BH 9BS 9CH 9CS

A 11 12 10 13 1 1 8 10 8 1 1 1

B 147 350 154 157 23 22 126 126 129 129 19 18

C 201 201 206 21•1 40 33 166 166 17] 170 32 31

D 224 ý25 244 246 39 36 194 182 196 196 30 30
226 226 249 251 35 32 1.36 185 203 202 27 26

1 i 149 149 156 156 24 23 130 128 134 132 20 19
G j 1i i1 12 11 1 1 I0 9 10 9 1 1

9 9 9 9 1 1 7 6 7 7 1 1

1 227 227 - 251 35 32 i,5 183 201 199 27 26

J 147 146 153 153 24 22 124 123 127 126 18 18
UI 12 12 12 2 2 9 9 9 10 1 1

3. 204 203 220 218 34 3; 146 146 145 150 24 23

2 17! 173 L85 183 30 28 157 157 165 161 27 26 A

3 160 160 173 1'1 28 2C 171 170 182 180 29 28

4 162 162 174 174 22' 26 177 175 189 187 29 27

-59 2.62 72 `73 2-7 2ý ~i - 187 - 30 28

, 2373 203 21, 2.. 3 5 35 142 14 2 146 145 23 22

The sign of the deflections is Ehot-n reversed for sagging.
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TABLE 4

CORRECTED DEFLECTION DATA, in x 10

TEST
GAME

8AH 8AS 8BH 8BS 8CH 8CS 9AH 9AS 9BH 9BS 9CH 9CS

A 31 32 25 28 3 3 23 25 23 26 2 2

"B 1367 170 169 172 25 24 141 141 144 144 20 19

C 221 221 223 226 '2 40 181 181 186 185 33 32

D 244 245 259 261 41 38 199 197 211 211 31 31

E 246 246 264 266 37 34 201 200 218 217 28 27 A
F 169 169 171 171 26 25 145 143 149 147 21 20

G 31 31 27 26 3 3 25 24 25 24 2 2

1 224 223 235 233 36 35 161 161 160 165 25 24

2 191 193 200 198 32 30 172 172 180 179 28 27

3 180 180 188 186 30 28 186 185 197 195 30 29

4 182 182 189 189 30 28 192 1M0 204 202 30 28

CORREC +20 +20 +15 5 +2 +2 +15 +15 +15 +15 +1 +1
t TION V

The sign of the deflections is shown reversed for sagging.

II
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APPENDIX B

"19

CODING AS USED IN THE COMPUTER PROGRAMS

AND IN TABLES 5 THROUGH 10

I -- -_

VL

Location of Garge

X; Top, Starboard or Forward .

i: Bottom, ?orr- or Aft Side.

-,irection of ge
L: Longitudin -'

Y:Transversal

D: Diagonal

STRS: Stress
SSTR: Str,)in

O: Direct

• B : Bendina

Conventions

Stresses are given in units ' p. : strai.ns in U in/in.
Tensile stresses appear with negative sign.

Gales located in marked area have dift.rent convention
as shown.0 - . --,-,v

P-4 I
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S.2. Program STRESS

ECOJIVAME44t 4CW.L2IISll NO1*f

A$slape 90 To 91ý0
CALL S IIOC U05,1.0 rO2SI
so TO 15 lot AI.Af29A.j1

Vfkth! 9I..f.J0111.jo £.4Xt04.J#
11 FOINA11* 51t~.41J.0j ;;0.51.uO DATA c-tAGtrp to Z.a 0' A4.41441.J1

GO 10 41) 305 ^At.AI0j6.J1

rC Aff..s' ~AS & EAL 4ARIAML RtAEP1CSlNTM T.E 1?? 0r 37&Atff cAGE
C XtAOI I IfvE ItlA wJ519 f TSt.Ift*J1 I IDEcI~f IME SIPA.. (..~ , GO4 ATO 2%4

C *Pt-CtC~rs Incf Rim V0UpES 1% 0-if !511. IhjA AlL.3* ~INIM~
*C AMO ftt. fIKAL 1114h .41,e, A4( MAOC VlfhI% WICAL CO01110tICN Offift(D AOA.;*A.jl

C AS -*iA LIMC*-. £.IO
*C GO Ic Z*02

C SG11AINS Alt! CONJulFe fOR FKH1 LOA~I:. rt.DIIIGb1.N 6 1-1ft *-( ;g14 ?Al A (I. 8ji
C D0ff~itl~ft' KNEE% I~t 9"A0101, FOR -- IS N~',4-3'~. 00 1-( 41ERAS CF A2.A1W;.J1

Cfl P.M 0 1 fmD Fit .0P. 9IAx. *!%I'IAL AnFiti. IAA.t1104.w4)

C fLl.'ffS.lAPE tSV' -'q I-- IDV4??VAT ION. 14L.11 IS;.tI6.

C PRlkfO 1fo AS LL 4 4.0?.AKT--U A..) 7-41E~f DATE N A.C C- 0 To2-0
*C ffSTS AfC KAIC. VId*.,, 15 Z4410ý0 AS A AND z143AVE3 T.! Tj? NO. 04 Z3 1 *ZIA9

C TML? 0411. ~..IIS P1IAIN1I. "~ A OF .4 AP-, ft%)IC&'E1 THE N,%C~ 4 C, Az.LIt62.jI
C $CC31IC 1,0GIOC013 O AND NFT 7:.A. XýFAA OF LOADIW, I44'.7j

*C CCPIOI123%r.. In OF NAh'41. qt.5I 194.j-

2 11CLI LAWRA"C' VICAI ik" UNTACO MO ý Is ccwutfT,. SI*.Ct SCOlE
C 0$t;I:C#S .AAVE 1-3 BE PIN?~1) M5;k 1"4% u%,i :% 

T
ECAI I.i '0..........

*C thOEI X. IS LAASEP THN4 ter 'OTA. 4F( PO!,1713% C% .IE 14-O.. '

C f.NO. VOMI- -j,.us OF !LAST Icl. 1.11 O 0 top SIE(LIw oZ0
101 vstf - poIss:iii. RTO7.2 1A.1024.4

C CAfIR *CALItilAlioh fACID CA 0' &k414 OAGES Go To 2515

0NAA,.41A.J-2
REA-)0tII.ItL2TLt....ta 45A. A.A.9i?1)ItII

lass roaANt IIC. PfFO1LA.tue;~SQ.A$R~~~.(I.IAeSA

I.. :1:1:i 2.5- tCA.~at.9.ra5tItA

1 40S ? Ot SI.RIS.L~t.E5IA1A

AS FY4.ATIwi10,0 Go to 160,O

C )~~~~~~~',5 Mk.Af. I:).r5.0.4l%.)~,0r.0,..:2g0
c CD~ktc?'O,, STC&:m GAGE PEA AXGO osrN.:x,ý~,O.,oF.~e~e

tOC

C IC *IPCApt I45¶SPG.XTf04 etIFIAE- EX 0,N) FIX.M.1 q --01 !Ok

JJt..*. j

I I ..A4)

r0% 111. V.. t10 S.- T..
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APPENDIX D
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APPENDIX E

Computations for Comparison of Kammerer's
and Schade's Methods of Deckhouse Analysis
with Experimental Data

Basic Ncmenclature (Xammerer - Ref. 6)

ADE = equivalent area of deckhouse

AH = area of hull

B = beam of ship

CE = distance from the strength deck to the effective
neutral axis of null area and equivalent deckhouse
"area

CH = distance from the strength deck to hull neutral axis

DH = depth of hull

IE = effective moment of inertia of hull and deckhouse

H = momo'nt of inertia of hull

K3= shear lag factorL - length of ship

M = bending moment generated by external forces

= statical moment of the equivalent area of the deck-
house about the effective neutral axis

b = width of deckhouse

h = height of deckhouse -

= length of deckhouse
;E = effective length of deckhouse

= longitudinal stress at the strength deck

aK = longitudinal stress at the keel

ao = longitudinal stress at top of deckhouse

VT
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Basic Nomenclature (Schade_- Ref. 10)

The external loading is applied to the primary member (the
hull) identified by the subscript 1; the "following" member
(deckhouse or superstructure) is identified by the subscript f.

a 1 and a f longitudinal stress in sides (x-direction)

Fand • longitudinal stress in sides at deck
(x-direction)

P! and pf average longitudinal stress (x-direction)

M and Mf stress moment1 M
S1 and Sf section modulus referred to deck

S1 and Ef material molulus - normal

G1 and Gf material modulus - shear

S1 and Af effective section area including webs and
flanges (A = A1 + Af)

a 1 and af section area (webs only)

I and If section moment of inertia

ql and qf vertical load/unit length (q =q + qf)

w, and wf vertical deflection (+ down)

Q1 and Qf vertical shear force (Q = Q1 + Qf)

e and ef distance from bond to individual N.A.
(e = e+ef)

z and zf vertical coordinate distance from
individual N.A. (+ down)

2b beam of hull

Sy transverse coordinate distance from centerline

spring constant of: hull at bond

longitudinal shear flow in deckhouse at bond

G shear deflcction factor

M bending moment generated by external forces

"m constant conponent of bending moment



a amplitude of sinusoidal component of bending
moment

.F Xlongi.tudinal external force on hull

S2A length of deckhouse

effectiveness ratio

Parameters Used for-Computations

A 1 (re I + e f)
B-:C= n- [E-2]

C - (A1 + rAf (I- + If) 4- AiAfe(reI + ef) in E-21

1 f 1 1 ff I f7.VK '2 1 7rJ

0 -1 Cre.+e r-" fGe re ef e 2rIfe-4

4 re +ef) B -1
"[ -- Ee! in. [-5

1 ") kErI-e 1 "" A
g+ C - (E-6)

~2G a1  af 4(re 1+e)

2 1 (Al+Afr) (I!+if)+A1 Afe(re +ef) -2
- -~ i A4-A r) II +A-Af (I1 e Ife~r E

a f
bj .tb

Sr = • -s inh + 2 c o s h V"1b,•

~-- - ih~-÷ os anh cosh r., E-8]
cosh, b 4A)

.. , Parameters for numerical solution for pf.

iZ

41

TI -.- ~ - ~ 77



Equations

•rx
M =r + a sin 2 [E-9]

= -Cvm + [(BS-Cf)l - B sin ]a[E-1

Si Af
S A e)f + [E-1111 f f

r 0 JE-12J

z z

•. f= (1 - •f..+ ff (fE-14]Z Z
-f

Af [E-14J
"• ! •- f [E-15] 1

A..L v

P1  - .
£J

a ý ýeo4
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DETAILS OF CALCULATION

A. Application of Kammerer's Method to the Model

4:
The hull girder of the model was designed to simulate

the midship portion of a Mariner and constructed on a 1:9.5

scale. The corresponding full-scale dimensions are:

L = 528'

B = 76'

D H = 44.5'

The geometric properties of the hull girder, considered as a

simple beam, are:

" ~2
AH =50.35 in

1H = 29,553 in

CH  29.49 in (C H 23.35' in full-scale)

The corresponding full-scale dimensions of the deckhouse are:

S=1 209.15'
E

b = 41.76'

h = 17.76'

"/L= 0.396

-• b/£= 0.200

OT/D = 1.33 for CH = 15' (Kammerer's Fig. 7)

a: fC-= 1.33 x 0.842 = 1.13 for C= 23.35'
T D (Kammerer's Fig. 8) H

K3 = 0.943 (Kan,:erer's Fig. 10)

MZ-



The geometric properties of the deckhouse are:

Ite Actual Area FcEquiv. Lever Moment

Factors Area [e [inM-in]t
S[in 2 [in2 ] [in]

2nd Level Dk 10.41 1.13 x 0.943 11.09 22.3 247.3

T-Bars 1.58 1.13 x 0.943 1.68 23.0 38.6

Angles 1.05 1.13 1.19 21.8 25.9

Side Plating 4.3]. 1.09 4.70 16.1 75.7

1st Level Dk 9.75 1.06 x 0.943 9.75 11.0 107.2

T-Bars 1.58 1.06 x 0.943 1.58 11.7 18.5

Angles 1.05 1.06 1.11 10.5 11.7

Side Plating 3.75 1.03 3.86 5.0 19.3

ADE = 34.96

*C 17.4 608.3

MDE 1152.5

4

A C
AHCH 50.35 x 29.49

E A + A 50.35 + 34.96 17.4 in
H DE

2
IE =H +AH(C -CE) +1 DECE

29,553 + 50.35(29.5 -17.4)2 + 1152.5(17.4)

I 56,919 in 4
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"For bending moment B, M = 9.123 x 10 6 lbs-in at midship.

Therefore:

"MCE -9.123 x 106 lb-in (17.4 in) = -2786 psi
D I E 56,979 in4

.0T= .IOD 1.13(-2786 psi) = -3148 psiST

M(D- 9.123 x 10 6 1b-in(56.0 - 17.4) in

- - K= IE56,979 in 4

Above results are plotted in Figure 28.

B. Application of Schade's Method to the Model

m = 4.482 x 10 6 lbs-in, a 4.641 x 10l6 bs-in(moment B)

k= 6.50 x 102 psi (all stanchions loose)

k= 3.40 X 104 psi (all stanchions fixed)

Effective Geometric Properties:

For Constant B.M. For Sinusoidal B.M.

r [Eq.E-8] 1.00 [Ref.51 0.81

[Ref. 81 1.00 0.82

a. in 2  17.56 17.56

A1  in 2  50.35 44.45

e in 29.49 29.39

SI in4  29.553 25,008

.3
$ S1  in 1002.1 850.9

Pf [Ref. 81 0.93 0.93
an2
in 10.16 10.16

Af In 31.85 31.85

-1A
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Effective Geometric Properties: (cont.)

For Constant B.M. For Sinusouidal B.M.

ef in 15.34 15.34f4
I in 1221 1221

f -tSf in 79.6 79.6

Lf
Computation Parameters

I•B [Eq.E-I] 1.146 x 10-4 1.106 x 10-4

;•C [Eq.E-2] 3.923 x 10- 4 4.026 x 10-4

'• J [Eq E-7] 2.996 x 10-2 3.021 x 10-2

k 6.50 x 10 3.40 x 10 6.50 x 10 3.40 x 10

lEq.E-5] 6.663 x 10-3 1.792 x 10-2 6.691 x 10-3 1.799 x 10-2

2X 1.76 4.73 1.77 4.75

n [Eq.E-61 0.049 0.358 0.049 0.354

( [Eq.E-3] 3.657 1.203

9 [Eq.E-4] 1.921 1.24E

[Fig. 7 0.112 0.879Ref.10]

(Fig. 8 Ref10]0. 091 0.751

Ref .10)

Therefore the stresses at the midlength of the deckhouse are:
a) for constant B.M. alone:

k = 6.50 x 10 k = 3.40 x 10 4 psi

Pf[=-CWm] -197 psi -1545 psi

Pl S[q.E-151 +125 " +978

aI [Eq.E-11 -4385 " -12,6 "

Of[Eq.-L-12] -4385 " -1266 V

a 1 (keel) [Eq. E-131 +4179 " +2995 "

a f (top) [Eq.E-14] +1704 " -1672 "
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4 b) for sinusoidal B.M. alone:

k = 6.50 x 102 psi k = 3.40 x psi

Pf -669 psi -1798 psi

Pl +480 +1288 "

-4097 " -1069 "

Of -3319 •£ -866 "

a (keel) +4621 " +3421 "

a f (top) +534 " -2221 "

Superimposing (a) and (b), we obtain the total stresses for

the combination bending moment:

a1 -8482 psi -2335 psi

a -7704 -2132

a(keel) +8800 +6416"
S.(top) +2238 " -3893 "

Above results are plotted in Figure 28.

II
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Equations for Schade's Method Using
$" n Terms of Moment Expansion

IflIt n-nwny ~r ~ n~rbj

-nsinh X 2 cosh2 [2sh 2-- cosh tanh --
c~oshn:-9  L2A 2

[E-8A]

-_M = + n sin -[E- A]
n 2

Pf C cos "yx cosh ax + a., cos yx sinh ax + a 3 sin yx cosh Ox

mirx+ a4 sin yx sinh x -Cm - C nn an sin [E-10A]
4n 6 n 2E-OAn

where,

= 1-n [E-16A]

+ -1 +1 -n-, 'I

n [I +A]

and

n e+e r. I el 1E lef n I
reEn ae+ef fGG '4

+ E rnfe L n 7,
+ e+E-4A]

all other nomenclature, parameters and equations remain unchanged.


